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SUM MAR Y 

The ae rodynamic  c h a r a c t e r i s t i c s  o f  models  o f  two 
c o u n t e y r o t a t i n g  s i x - b l a d e  p r o p e l l e r s  a r e  compared f r o m  
t h e  r e s u l t s  o f  t e s t s  made i n  t h e  N h G A  1 9- f o o t  p r e s s u r e  
t u n n e l .  One of t n e  p r o p e l l e r s ,  which  i s  r e p r e s e n t a t i v e  
o f  a t y p e  now i n  u s e  on m i l i t a r y  a n d  commerc ia l  a i r p l a n e s ,  
embodies  m o d i f i e d  C l a r k  Y a i r f o i l  s e c t i o n s  i n  b l a d e s  o f  
t h i c k n e s s  r a t i o  and p l a n  form d i c t a t e d  l a r g e l y  f rorn  con- 
s i d e r a t i o n s  of  s t r u c t u r a l  r e l i a b i l i t y ,  The o t h e r  p ro-  
p e l l e r  embodies  X A C s  16-series s e c t i o n s  i n  b l a d e s  o f  
t h i c k n e s s  r a t i o  a n d  p l a n  f o r m  d i c t a t e d  l a r g e l y  f r o m  con- 
s i d e r a t i o n s  o f  minimum a e r o d y n a m i c  l o s s e s .  

The p r o p e l l e r s  d i f f e r  i n  p l a n  f o r m ,  t h i c k n e s s  r a t i o ,  
d i a m e t e r ,  s e c t i o n  s h a p e ,  and p i t c h  d i s t r i b u t i o n .  Owing  
t o  t h e  numerous v a r i a b l e s  i n v o l v e d ,  i t  i s  n o t  p o s s i b l e  
t o  i s o l a t e  t h e  i n f l u e n c e  o f  e a c h  v a r i a b l e  on t h e  a e r o d y-  
namic c h a r a c t e r i s t i c s  of t h e  p r o p e l l e r s  t e s t e d .  The r e-  
s u l t s  or" t h i s  i n v e s t i g a t i o n  s h o w ,  however ,  t h a t  h i g h e r  
v a l u e s .  o f  p r o p u l s i v e  e f f i c i e n c y  may b e  o b t a i n e d  f rom 
p r o p e l l e r s  d e s i g n e d  f r o m  c o n s i d e r a t i o n  o f  minimum a e r o -  
dynamic l o s s e s  t h a n  c a n  be o b t a i n e d  f r o m  p r o p e l l e r s  o f  
c o n v e n t i o n a l  d e s t g n b  A t  t h e  r e l a t i v e l y  l o w  a i r s p e e d s  a.t 
wh ich  t h e  t e s t s  were c o n d u c t e d ,  t h e  g a i n  i n  p r o p u l s i v e  
e f f i c i e n c y  v a r i e d  f r o m  1b5 t o  4.0 p e r c e n t ,  d e p e n d i n g  on t h e  
p i t c h  o f  t h e  p r o p e l l e r .  I t  i s  b e l i e v e d  l i k e l y  t h a t  g r e a t e r  
d i f f e r e n c e s  may be  o b t a i n e d  a t  h i g h  a i r s p e e d s .  

IMTRODTJGTI GXiI 

The s e l e c t i o n  o f  p r o p e l l e r s  t h a t  meet t h e  o p e r a t i n g  
r e q u i r e m e n t s  o f  modern a i r p l a n e s  i n v o l v e s  numerous p ro5-  
l e m s .  The p r o p e l l e r  must d e v e l o p  s u i t a b l e  t a k e- o f f  c h a r-  

& 



2 

a c t e r i s t i c s  a t  sea r e v e l  a'hd must a l s o  e f f i c i e n t l y  a b s o r b  
the powzr output of&h nq at h i g h  f o r w a r d  s p e e d s  i n  
r a r e f i e d  a i r  a t  h i g h  a e s ,  Such o p e r a t i n g  r e q u i r e -  
ments make i t  d i f f i c u l t  t o  a v o i d  l a r g e  r o t a t i o n a l  and 
c o m p r e s s i b i l i t y  l o s s e s  of t k e  p r o p e l l e r s ,  

Previous f n v e s t i g a t i o n s  show t h a t  t h e  rotational 
losses of h i g h - p i t c h  p r o p e l l e r s  may b e  m A t e r i a l l p  reduced, 
if n o t  wiioLly ,slfminated, by t h e  use of  c v u n t e s r o t n t i n g  
p r o p e l l e r s ,  The a d v s n t a g e s  of such p r o p Q l l e r  arrangements 
a r e  % i s c u s s a d  i n  r r s f c r e n c a s  1. and 2 ,  

A t  h i g h  f o r w a r d  speeds  a l a r g e  p o r t i o n  o f  t h e  p ro-  
p e l l e r  b l a d e  o p e r a t e s  at h i g h  v a l u e s  of  Mach ntimber. If 
t h e  b l a d e  s e c t i o n s  o p e r a t e  a t  r e s a l t a g h  v e l o c i t i e s  a t  
o r  above t h e i r  c r i t i c a l  s p e e d ,  t h e  d r a g  l o s s e s  may be 
e x t r e m e l y  h i g h .  The r e s u l t a n t  v e l o c i t i e s  a t  which  t h e  
b l a d e  s e c t i o n s  o p e r a t e  may, t o  sbme e x t e n t ,  be c o n t r o l l e d  
t o  a l l o w  f o r  o p e r a t i o n  below c r i t i c a l  s p e e d s  t h r o u g h  s u i t -  
a b l e  compromises i n  t h e  s e l e c t i o n  of t h e  r o t a t i o n a l  s p e e d ,  
t h e  d i a m e t e r ,  a n d  t h e  s o l i d i t y  of  ti-13~ p r o p e l l e r ,  .A f u r t h e r  
s t e p  i n  t h e  s o l u t i c r ?  of  t h e  prab le i i  - 2  t a  i n c r e a s e  t h e  
a r i t l c a l  speed o f  t h e  p r o p e l l e r  by 1 3  . D &  o o r a t i n g  b l a d e  
s e c t i o n s  d??siCned t o  d e l a y  t h e  c o m p r ~ s s i b f l i t y  burble. 
( S e e  r e f e r e n c e  3 , )  

I t  i s  o f  g e n e r a l  i n t e r e s t ,  t he r r>f  o r e  ,> t ha t  c o m p a r a t i v e  
d a t a  be o b t a i n e d  r e g a r d i n g  t h e  c h a r a c t e r i s t i c s  o f  v a s i o u s  
a r r a n g e m e n t s  of c o u n t e r r o t a f i n g  p r o p e l l a r s .  T h i s  p a p e r  
p r e s e n t s  t h e  r e s u l t s  of  a c o m p a r i s o n  o f  t w o  a r r a n g e m e n t s  
o f  models  OS s i x- b l a d e  c o u n t  e r r o t a t  i n g  pus h e r  p r o p e l l e r s  , 
one o f  a c o n v e n t i o n a l  d e s i g n  tha t  embodie6 m o d i f i e d  C l a r k  
Y E t i s f o i l  s e c t t o n s  ( r e f e r e n c e  4) and t h e  o t h e r  of a cfes ign  
t h a t  p r o d u c e s  minimum i n d u c e d  l o s s e s  and embodies  NACA 
1 6- s e r i e s  a i r f o i i  s e c t i a n s  t h a t  d e l a y  t h e  c o m p r e s s i b i l i t y  
burble. 

The t w o  a r r a n g e m e n t s  o f  models  o f  s i x - b l a d e  c o w t e r -  
r o t a t i n g  p u s h e r  p r o p e l l e r s  were i n v e s t i g a t e d  a t  b l a d e  
a n g l e s  of a p p r o x i m a t e l y  20°, 30°, 40°, 45', 5O0, 5 5 O ,  
a n d  60° a t  0.75 of  t h e  t i p  r a d i u s .  The t e s t s  were con- 
d u c t e d  a t  a i r s p e e d s  t h a t  r a n g e d  f r o m  60 t o  150 m i l e s  p e r  
hour, The r e s u l t s  a r e  n o t ,  t h e r e f o r e ,  i n d i c a t i v e  of t h e  
c o m p r e s s i b i l i t y  e f f e c t s  t h a t  may b e  e x p e c t e d  f r o m  f u l l -  
s c a l e  p r o p e l l e r s  o p e r a t i n g  at high f o r w a r d  s p e e d s .  

APPARATUS A B D  METHODS 

The i n v e s t i g a t i o n  was c o n d q c t e d  a t  a tmos .pher ic  
p r e s s u r e  i n  t h e  NACA 1 9- f o o t  p r e s su re  t u n n e l .  S c a l e  models 
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o f  t w o  2 r r a o g e m e n t s  o f  c o u n t e r r o t a t i n g  p r o p e l l . e r s  were  
t e s t e d  T'hu y ro ; ?e l l e i . s  d i i ' f e r k d  i a  s e c t i o n  s h a p e ,  p l a n  
f o r m ,  t h i c K n c s s  r a t i o ,  and  p i t c h  d i s t r i b u t i o n .  

Cnc p r o F e f b e r  of c o n v e n t i o n a l  e e s i g n ,  h e r e i n a f t e r  
r e f e r r e d  t o  as  p r o p e l l e r  512 ,  i s  s i m i l ~ r  t o  t h e  fT.111- 
s c a l e  Ci-rtiss p r o p e l l e r  512 a.;id embodies  m o d i f i e d  C l a r k  
Y airfoZi s e c t i o n s ,  B o t h  t h e  f o r w a r d  and t h e  r e a 2  pros-  
peller o f  tlile c o u n t e r r o t a t i n g  p a i r  were 45 i n c h e s  i n  
d i a m e t e r *  

T'le o t h e r  p r o p e l l e r ,  h e r e i n a f t e r  r e f e r r e d  t o  a s  p r o-  
pel  l e r  4-303-045,  c m b o d i e s  Y L C A  1 6 - s e r i e s  a i r f o i l  s e c t i o n ~ .  
Its a e r a d y a a m i c  design I s  based on Gol .ds%ein1s  m o d i f i c ~ t i o n  
o f  t h e  v c r t e x  t h e 3 r y  o f  p 'PopeLlers  ( r e f e P e r i c e  5)  and. t I i e  
p l a n  f o r m  7853 ma$? *i;o conform t o  t h e  e o n d 5 t f o n  o f  optimum 
b l a d e  Zo:dZqg, t h a t  ils, mlnir-urn .l.3aiiced l o s s e s ,  f o r  a 
s i n g l e - r o t a t i r g  p i - o p e l l r r  o f  2 f t e h - d f z q e t e r  r a t i o  o f  2,17. 

H e f t n e r  p r o p e l l e r  was s p e c i f i c a l l y  d e s i g n e d  f o r  co i i n t e r -  
r o t a t i n g  o p e r a t i o n ,  F i t n r e  1 sliovfs f o r  b o t h  p r o p e l l e r s ,  
t h e  b!ado- fo rm curves aqu.  t h e  g e o T e t r i c - p l t c n  d i s t r i b u t i o n  
f o r  s e v e r a l  h l a d - e - a n g l e  s e ~ l . I . n g . s  A photograph showin?  
t h e  piaa fo l -ms  i s  g i v e r &  9 s  f i g u r e  2. 

c  he p r o p e l l e r s  were  t e s t e d  on a s c a l e  model o f  an  
airplana e q u i p p e d  f o r  c o u n t e r r o t a t i n g  pushey  propellers. 
Frgures 3 and 4 show t h e  p r o p e l l e r s  assern5led on t h e  m o e e l .  
The g e n e r a l  d i m e n s i o n s  o f  %he  p r o p e l l e r  t e s t  a r r a n g e m e n t  
a r e  snowr,  i n  f i g u r e  5 .  The a t l i t u . d e  o f  the m o d e l  was ad-  
j u s t e d  t o  make t h e  t h r u s t  l i n e  hGrizonda.1 a n d o  i n  t h i s  
p o s i t i o n ,  t h e  l i f t  c o e f f i c i e n k  was a p p r o x i m a t e l y  e q u a l  
t o  z e r o .  

'c,;.ch p r o p e l l e r  of  t i le  e o G n t e r r o t a t i n g  p a i r  was d r i T r e n  
by a n  2nd i v l  a u a l  w a t  e-=.-c o o l e d ,  a l t  e r n a t  i n  g-curr e n %  induc t .  ion 
m o t o r  r a t e d  50 horsepowei.  a t  3500 rpm, The two mo%ors 
were i n  tandem w i t h  G E ~  m o t o r  d r i x - i n g  t h r o u g h  t h e  k i o l l o v  
shaft of t h e  o t h e r  m o t o r ,  C u r r e n t  was s u r p l i e d  t o  t h e  
motors by i? v a r i a b l e - f r e q u e n c y  a l t e f n a t o r  and t"le speed  
was @ o r , t r o L l e d  by v a r i P % i o e  o f  t f ie  f r s q u e a c g ,  ?!ith t h i s  
a r r a n g e m e n t  t h e  P G W ~ P  C e l i s e r e d  t o  each p r o p e l l e r  was 
d e t e r s i i i e d  f r o r o  a c a l i b r a t i b n  i n v o l v i n g  m o t o r  t o r q u e ,  
s p e e d  of r e v o l u t i o n ,  2nd a c t i v e  c u r r e n t ,  

The 233.3.de a n g l e s  c,f t i ie  p r 3 2 e l l e r  w s r e  s e t  on  a 
p r o p e l l e r  table w i t h  t e n p l e t s  accurstteeiy f i t t e 4  f G r  e a c h  
b l a d e .  ?ha  p r o t r a c t o r  a c c u r a c y  f s  w i t h i n  ~0~1'. 

http://atlitu.de
http://233.3.de
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C o n v e n t i o n a l  p r o p e l l e r  t e s t  p r o c e d u r e  was u s e d  
t h r o u g h  a r a n g e  of V/nD v a l u e s  f o r  e a c h  b l a d e  s e t t i n g .  
C o n s t a n t  maximum t o r q u e  w a s  m a i n t a i n e d  and  t h e  t u n n e l  and 
t h e  p r o p e l l e r  s p e e d s  were i n c r e a s e d  i n  a n y  d e s i r e d  i n c r e -  
ment u n t i l  t h e  t u n n e l  s p e e d  r e a c h e d  a maximum o f  150 miles 
p e r  h o u r .  A t  t h i s  t u n n e l  s p e e d ,  t h e  p r o p e l l e r  s p e e d  was 
t h e n  r educed  t o  r e a c h  h i g h e r  v a l u e s  of  V / n D .  Approxi-  
mate v a l u e s  of p r o p e l l e r  a n d  t u n n e l  s p e e d s  had been  p rede-  
termined  f o r  a s u i t a b l e  d i s t r i b u t i o n  o f  V / a D  v a l u e s  f o r  
t h e  t e s t  p o i n t s .  The v a l u e s  o f  t h r u s t  and power measured 
were c o n v e r t e d  t o  nond i rnens iona l  c o e f f i c i e n t s  and p l o t t e d  
as a f u n c t i o n  of V/sD. 

T y p i c a l  t e s t  r e s u l t s  a r e  p r e s e n t e d  i n  f i g u r e  6 and 
i t  i s  b e l i e v e d  t h a t  t h e  a c c u r a c y  o f  t h e  f a i r e d  c u r v e s  as 
i n d i c a t e d  by t h e  s c a t t e r  of t h e  t e s t  p o i n t s  is w i t h i n  
t h r e e - f o u r t h s  o f  1 p e r c e n t  t h r o u g h o u t  t h e  g r e a t e r  p a r t  
o f  t h e  t e s t  r a n g e *  

An e f f o r t  was made t o  m a i n t a i n  e q u a l  power a b s o r p t i o n  
and e q u a l  r o t a t i o n a l  s p e e d  for t h e  t w o  c o u n t e r r o t a t f n g  
p r o p e l l e r s .  T h i s  p r o c e d u r e  was i m p r a c t i c a l ,  however ,  f o r  
a l l  o p e r a t i n g  c o n d i t i o n s  and ,  as a p r a c t i c a l  e x p e d i e n t ,  
t h e  c o n d i t i o n  of e q u a l  power a b s o r p t i o n  and e q u a l  r o t a -  
t i o n a l  s p e e d  was r e s t r i c t e d  t o  t h e  p r o p e l l e r  o p e r a f f n g  
r a n g e  f n  t h e  r e g i o n  of peak  p r o p u l s i v e  e f f i c i e n c y .  The 
p i t c h  of t h z  f r o n t  p r o p e l l e r  w a s  s e t  a t  a p r e d e t e r m i n e d  
v a l u e  and  t h o  p l t c h  of t h e  r e a r  , r o p e L l e r  was a d j u s t e d  t o  
make i t s  r o t a t i o n a l  s p e e d  and power a b s o r p t i o n  e q u a l  t o  
t h o s e  o f  t h e  f r o n t  p r o p e l l e r  a t  t h e  operating c o n d i t i o n s  
i n  t h e  r e g i o n  of  peak  e f f i c i e n c y .  The d i f f e r e n c e  i n  
b l a d e  a n g l e s  of  t h e  f r o n t  and r e a r  p r o p e l l e r s  r e q u i r e d  
f o r  t h i s  c o n d i t i o n  i s  shown i n  f i g u r e  7 ,  I n  c e r t a i n  
i n s t a n c e s  t h e  r e g i o n  of e q u a l  power a b s o r p t i o n  v a r i e d  
somewhat from t h e  r e g i o n  o f  peak e f f i c i e n c y .  These  d i f -  
f e r e n c e s  a r e  b e l i e v e d  n o t  t o  be s u f f i c i e n t l y  i m p o r t a n t  
t o  change  a p p r e c i a b l r  t h e  measured v a l u e s  of maximum 
e f f i c i e n c y .  

SYMBOLS AND COEFFICIENTS 

The symbols a n d  c o e f f i c i e n t s  used i n  t h e  r e p o r t  are 
d e f i n e d  a$ f o l l o w s :  

T - A D  CT t h r u a t  c o e f f i c i e n f  (3) I 
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AD change i n  body d r a g  due  t o  a c t i o n  o f  p r o p e l l e r s  

P mass d e n s i t y  of a i r  

-3 n r o t a t i o n a l  s p e e d  o f  r e a r  p r o p e l l e r  

4 (diam. f r o n t  p r o p . )  + (diam. r e a r  p r o p . )  

0 
';f 

a 
2 

t o t a l- p o w e r  c o e f f i c i e n t  
pT 

C 

\ 

power c o e f f i c i e n t  o f  f r o n t  F r o p e l l e r  (---Fj 
PF 

c 

power c o e f f i c i e n t  o f  r e a r  p r o p e l l e r  

power s u p p l i e d  t o  f r o n t  p r o p e l l e r  pF 

PR power  s u p p l i e d  t o  r e a r  p r o p e l l e r  

PT = PI' + p2 

- AE)T ) 
1 

I__ rl p r o p u l s i v e  e f f i c i e n c y  ((T 
FT 

v v e l o c i t y  o f  t h e  a i r  s t r e a m  

V / n D  a d v a n c e- d i a m e t e r  r a t i o  

speed- power c o e f f i c i e n t  cs  

r e s u l t R n t  t i p  s p e e d  M Mach number ( - -  v e l o c i t y  of sound -> 
B p r o p e l l e r  b ladi i  a f i g l e  a t  0 . 7 5  r a d i u s  

RESTjLTS AiMD DISCUSSION 

The e f f i c i e n c y  c u r v e s  f o r  p r o p e l l e r  4-308-045 a r e  
p r e s e n t e d  i n  f i g u r e  8 f o r  t h e  s e v e r a l  b l a d e- a n g l e  s e t t i n g s  
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i n v e s t i g a t e d .  F i g u r e s  9 and  LO show t h e  t h r u s t  and t h e  
t o t a l - p o w e r  c o e f f i c i e n t s .  The i n d i v i d u a l  power c o e f f  i- 
c i e n t s  a r e  g i v e n  i n  f i g u r e  11. B d e s i g n  a h a r t  sh.owing 
t h e  v a r i a t i o n  o f  p r o p u l s i v e  e f f i c i e n . c y  and  V / n D  w i t h  
t h e  speed- power c o e f f i c i e n t  i s  p r e s e n t e d  i n  f i g u r e  12 .  

The e f f i c i e n c y ,  t h r u s t ,  a n d  t o t a l - p o w e r  c o e f f i c i e n t s  
o f  p r o p e l l e r  512 a r e  $ r e s e n t e d  i n  f i g u r e s  13, 1 4 ,  and  15, 
r e s p e c t i v e l y ,  The i n d i v i d u a l  power c u r v e s  a n d  t h e  
d e s i g n  c h a r t  f o r  t h i s  p r o p e l l e r  a r e  shown i n  f i g u r e s  1 6  
and  1 7 ,  r e s p e c t i v e l y ,  

L i m i t a t i o n s  of t h e  minimum s p e e d  and  of t h e  power 
o u t p u t  o f  t h e  m o t o r s  thmt d r o v e  t h e  p r o p e l l e r s  made i t  
i m p o s s i b l e  t o  i n v e s t i g a t e  t h o r o u g h l y  t h e  c h a r a c t e r i s t i c s  
of t h e  p r o p e l l e r s  o p e r a t i n g  i n  a low V/nD r a n g e .  A l l  
c o m p a r i s o n s  o f  t h e s e  r e s u l t s  must be l i m i t e d ,  t h e r e f o r e ,  
t o  t h e  r a n g e  o f  o p e r a t l n g  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  
p e e k  e f f i c i e n c y .  The g e n e r a l  trerLds t h a t  a r e  b e l i e v e d ,  
however ,  t o  e x i s t  i n  t h e  l o w  r a n g e  o f  V/nD a r e  r e p r e -  
s e n t e d  by d a s h e d  l i n e s  Sn t h e  f s i r e d  c u r v e s  of t h r u s t ,  
power ,  and e f f i c i e n c y ,  

The e f f l c i e n c y  e n v e l o p e s  of  p r o p e l l e r  4-308-045 a n d  
p r o p e l l e r  512 a r e  c o q p a r e d  4n f i g u r e  18 .  The e f f i c i e n c y  
o f  p r o p e l l e r  4-306-045 i s  h l g h e r  t h a n  t h e  e f f i c i e n c y  o f  
p r o p e l l e r  512 by a n  amount t h a t  v e r i e s  from o n e- h a l f  o f  
1 p e r c e n t  at a V/nD of  1 , 5  t o  4 p e r c e n t  a t  a V/nD O f  
3.4. The d i f f e r e n c e s  i n  p r o p u l s i v e  e f f i c i e n c g  i n c r e a s e  
p r o p o r t i o n a t e l y  w i t h  b l a d e - a n g l e  s e t t i n g  u n t i l  t h e  r e g i o n  
of maxlmua e f f i c i e n c y  i s  r e a c h e d .  Beyond t h a t  r e g i o n  t h e  
d i f f e r e n c e  i n  e f f i c i e n c i e s  throughout ;  t h e  r e s t  o f  t h e  
V / n D  r a n g e  is a p p r o x i a a t e l y  c o n s $ a n t .  With  r e g a r d  to 
t h e  v a l u e s  o f  e f f i c i e n c y  o b t a i n e d  with p r o p e l l e r  512, 
a t t e n t i o n  i s  c a l l e d  t o  the r e s u l t s  o f  r e f e r e n c e  6 ,  which 
s h o w ,  f r o n  low-speed t e s t s  o f  f u l l - s c a l e  s i n g l e - r o t a t i n g  
t r a c t o r  p r o p e l l e r s  o f  a p p r o x i m a t e l y  t h e  same g e n e r a l  
b l a d e  P o r n  as  p r o p e l l e r  512,  t h a t  t h e  a d d i t i . o n  o f  s u i t a b l e  
s h a n k  f a i r i n g s  t o  s u c h  p r o p e l l e r s  y i e l d s  a g a i n  i n  p ro-  
p u l s i v e  e f f i c i e n c y  o f  a p p r o x i m a t e l y  2 p e r c e n t  a t  p = 45' 
a n d  a p p r o x i m a t e l y  6 p e r c e n t  a t  p = OOo, On t h e  bas i s  
o f  t h e  r e s u l t s  of r e f e r e n c e  6 i t  would a p p e a r  t h a t  t h e  
a d d i t i o n  o f  s u i t a b l e  shank  f a i r i n g s  t o  p r o p e l l e r  512 
E i g h t  have  r e s u l t e d ,  t h e r e f o r e ,  i n  a n  i n c r e a s e  i n  i t s  
p r o p u l s i v e  e f f i cs i ency . 

The e f f e c t  of  t h e  b l a d e - s h a n k  s h a p e  a n d  t h e  l ow  d r a g  
s e c t i o n s  o f  p r o p e l l e r  4-308-045 may be s e e n  by a c o m p a r i s o n  
o f  t h e  e f f i c i e n c y  c u r v e s  o f  t h e  two  p r o p e l l e r s  ( f i g .  1 9 ) .  
The e x t e n d e d  c r e s t  i r ,  t h e  e f f i c i e n c y  c u r v e s  f o r  p r o p e l l e r  
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4-308-045 shows l o w e r  d r a g  shank and  b l a d e  s e c t i o n s .  A 
g r e a t e r  d i f f e r e n c e  i n  t h e  e f f i c i e n c y  e n v e l o p e s  and c u r v e  
f o r m s  i.$ould p r o b a b l y  o c c u r  a t  h i g h e r  r e s u l t a n t  v e l o c i t i e s .  
Owing t o  t h e  h i g h  c r i t i c a l  s p e e d  o f  t h e  BACA 1 6 - s e r i e s  

3 s e c t i o n s ,  t h e  a d v a n t a g e s  of  p r o p e l l e r s  e m b o d ~ i n g  t h e s e  
3 s e c t i o n s  would p r o b a b l y  be  m o r e  p ronounced  a t  v a l u e s  o f  3 

I4 
Hach numbers g r e a t e r  t h a n  0.75. I n  t h i s  s e r i e s  o f  t e s t s  
t h e  maximum v a l u e  of M a t t a i n e d  w i t h  p r o p e l l e r  4-308-045 
was 0.58 and t h e  maximum M a t t a i n e d  w i t h  p r o p e l l e r  512 
w a s  0.628. G r e a t e r  d f f f e r e n c e s  i n  t h e  e f f i c i e n c i e s  o f  
t h e  t w o  p r o p e l l e r s  would be e x p e c t e d  a t  f u l l - S C ' ; a l e  h igh-  
s p e e d  o p e r a t  i o n .  

I n  a c o m p a r i s o n  o f  t h e  c h a r a c t e r i s t i c s  o f  p r o p e l l e r  
4-308-045 a n d  p r o p e l l e r  5 1 2 ,  t h r u s t  a n d  power a b s o r p t i o n  
a r e  i m p o r t a n t ,  These f a c t o r s  depend  t o  a g r e a t  e x t e n t  
upon p l a n  f o r m ,  p i t c h  d i s t r i b u t i o n ,  t h i c k n e s s  r a t i o ,  d i a -  
m e t e r ,  and p r o p e l l e r - b l a d e  s e c t i o n s .  Any i n t e r p r e t a t i o n  
o f  r e s u l t s  m u s t ,  t h e r e f o r e ,  t a k e  i a t o  c o n s i d e r a t i o n  t h e  
f a c t  t h a t  t i l e  p r o p e l l e r s  compared d i f f e r e d  i n  t h e s e  
r e s p e c t s .  

The t o t a l  ;?over  a b s o r p t i o n  of p r o p e l l e r  4-308-045 
w a s  g r e a t e r  t h a n  t h a t  o f  p r o p e l l e r  512. The d i f f e r e n c e  
r a n g e d  f rom a p p r o x i m a t e l y  15 p e r c e n t  a t  l o w  b l a d e  a n g l e s  
t o  a p p r o x i m a t e l y  25  p e r c e n t  a t  h i g h  b l a d e  a n g l e s .  The 
r a t i o s  o f  t h e  power a b s o r p t i o n  o f  t h e  t w o  p r o p e l l e r s  a t  
t h e i r  peak e f f i c f e n c p  o p e r a t i n g  c o n d i t i o n  are s h o w n  i n  
f i g u r e  1 8 .  The g r e a t e r  power a b s o r p t i o n  o f  p r o p e l l e r  
4-308-045 may be l a r g e l y  a t t r i b u t e d  t o  t h e  f a c t  t h a t  i t s  
b l a d e  a r e a  i s  a n p r o x i m a t e l y  25 p e r c e n t  g r e a t e r  t h a n  t h a t  
of  p r o p e l l e r  512. 

A t  t h e  low v a l u e s  o f  a i r s p e e d  a t  mhich t h i s  i n v e s t i g a -  
t i o n  was c o n d u c t e d ,  t h e  maximum v a l u e s  o f  p r o p u l s i v e  e f f i -  
c i e n c y  ob ta inec i  w i t h  p r o 2 e l l e  r 4-308-045 were  g r e a t e r  thar ,  
t h o s e  o'ota-lned w i t h  p - o p e l l e r  512  by a n  amount t h a t  v a r i e d  
f r o m  o n e- h a l f  o f  1 p e r c e n t  a t  a v / ~ D  of 1 .5  t o  4 p e r c e n t  
a t  a V / n D  o f  3.4.. The g r e a t e r  e f f i c i e n c y  o f  p r o p e l l e r  
4-308-045 i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  i t  i s  d e s i g n e d  
t o  p r o d u c e  minimum a e r o d y n a m i c  losses, w h e r e a s  t h e  c?es ign  
o f  p r o p e l l e r  512 vas d i c t a t e d  l a r g e l y  from c o n s i d e r a t i o n s  
of s t r u c t u r a l  r e l i a b i l i t y .  

P r o p e l l e r  4- 308-045, b e c a u s e  o f  g r e a t e r  b l a d e  a r e a ,  
a b s o r b s  more power t h a n  p r o p e l l e r  512. 

L a n g l e y  Memorial  A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s  

L a n g l e y  T i e l d ,  Ba, 
J 
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Figure 3.- Assembly of propeller 512 on model. 

Figure 4.- Assembly of propeller 4-308-045 on model. 
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Figure 6.- Typical test results (propeller 512, $F = 40 Oo and / 3 ~  = 40.4O at 0.75R) 
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